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Scientific-research work provides a timely and valuable review of the progress being made
in the greater understanding of the factors contributing to Tushuri Guda cheese making
and how this experience may be applied to producing better and more consistent products
with food safety HACCP system requirements. The HACCP study in this variety of cheese
covers all types of food safety hazards, like biological, chemical and physical, but unfor-
tunately it needs a more precise definition. It did not include clarification of cleaning and
sanitation operations in accordance with modern standards, sanitation of grasslands and
meadows. All of that are covered by the plant Good Manufacturing Practices (GMPs) pro-
cedures and Good Hygiene Practices (GHPs) for the obtaining of maximal food safety
results.
© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
In Georgia in recent years, there have been significant ad-
vances in our understanding of ewe milk and it's cheese sys-
tems, probably the most complex natural food available to
man. At the same time, improvements in process technology
of origin variety of Georgian Tushuri Guda cheese, have been
accompanied by massive changes in the scale of ewe milk
processing operations, and the manufacture a wide range of
dairy and other related products. This research also in-
troduces stamps of production on milk and milking action for
ewe cheese making and maturation, packaging technology
and transportation for cheese and the prediction and control
of the overall manufacturing process for this brand of cheeses.
A family-owned medium-sized cheese making groups hasdu.ge (A. Korakhashvili).
Annals of Agrarian Scien
eorgia. Production and h
org/licenses/by-nc-nd/4.0been asked by local retail customers to provide a HACCP
system principals for its main product-Tushuri Guda cheese
[1].
In accordance with International Dairy Federation e IDF,
2015, world production of milk in 2013 is estimated at
~582  106 tones. Main producers are India/Pakistan, the
Americas and Europe being the major producing regions. The
proportions of totalmilk produced by cow,water buffalo, goat,
ewe, camel and other are ~85.0, 12.3, 2.0, 1.3, 0.2 and 0.2,
respectively. Cows' milk is the major milk used for cheese
manufacture; however, significant quantities of cheese are
also made from goat, sheep and water buffalo milks in some
European Union (EU) countries, such as France, Italy and
Spain. Based on an estimated yield of 1 kg cheese 10 kg1 milk,
the percentage of total milk used for cheese is ~25%, but varies
widely from ~70e90% in some European countries (Italy,ce.
osting by Elsevier B.V. This is an open access article under the CC
/).
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cheese-like products are produced in most parts of the world,
the principal cheese-producing regions are Europe, North
America and Oceania [2,3].
Cheese production has increased consistently over the last
two decades at an annual average rate of ~1.5%. As discussed
in above, I this may be attributed to a number of factors
including increases in global population (7,1bln) and per cap-
ita income, globalization of eating trends/habits, changing
lifestyles, growth in use of cheese as an ingredient in the food
service (in pizza-type dishes, cheese burgers and salad dishes)
and industrial sectors (cordon bleu entrees, co-extruded
products with cheese and gratins).Fig. 1 e Diagram of Georgian ewe cheeseeTushuri Guda
production.Objectives and methods
For more than 30 century in Georgia ewe milk processing
technology has sought to provide education and training in
this dairy field, disseminating knowledge and fostering per-
sonal development through symposia and conferences, as
well as by publications, and its International Journals of
Agricultural Technologies provides a timely and comprehen-
sive update on the principles and practices involved in this
variety of cheese manufacturing. Principles of cheese manu-
facture is a concentrated protein gel, which occludes fat and
moisture. Its manufacture essentially involves gelation of
cheese milk, dehydration of the gel to form a curd and color.
Technology of Cheese making treatment of the ewe milk curd
(e.g. dry stirring, texturisation, salting, moulding, pressing,
obtaining characteristic appearance). The moulded curd may
be consumed fresh (shortly after manufacture, for example
within 6 week) or matured for periods of ~12 weeks to 2 years
to form a ripened cheese.
The increase in consumption has been paralleled by a
greater emphasis on improved quality and consistency with
respect to the levels of particular nutrients (fat, protein,
calcium-Ca2þ and sodium-Naþ), physical properties (texture
and cooking attributes), sensory characteristics and process-
ing ability (size reduction attributes, such as shred ability;
ability to yield processed cheeses or other cheese products,
when subjected to secondary processing). Consequently, this
has necessitated an increase in the quality and consistency of
all inputs (milk composition/quality, enzyme activity/purity,
starter cultures characteristics, for example, acid productivity,
phage resistance, autolytic properties and flavor-imparting
characteristics, sources of contaminants) and standardiza-
tion of the manufacturing process [4].
Tushuri Guda cheese is the most popular white brine
matured cheese in Georgia and some other countries around
the Black Sea. Last 6 years by this brand from Georgia it
exported in some EU countries and USA. It is a traditional
Georgian cheese (Protected Designation of Origin) and it is
produced by pasteurizedewemilk by very original technology,
starter culture, microbial rennet and salt, the curd is cut and
strained, put into sheep fell with hair and matured for a
minimum period of six months and above. Here is diagram of
processing:
Ingredients of this variety or milk composition is Ewe milk
(cheese not contain goat's milk at all), starter culturepreparation of lactic acid bacteria, rennet, calcium chloride,
salt. Processing technology represented in Fig. 1 e Generic
flow diagram of Tushuri Guda cheese production.Results and analysis
Product specifications and Microbiological Critical Points for
Tushur iGuda depends from quality of raw ewe milk. Micro-
bial contamination of milk can occur pre-milking as a conse-
quence of sheep infection or during, or post-milking as a
consequence of direct contact with bacteria in the environ-
ment or milk handling equipment.
Table 1 e Microbiological critical points.
# Enzymes N C M M
1 Listeria monocytogenes 3 0 Absence in 25 g
2 Salmonella spp. 3 0 Absence in 1 g
3 Staphylococcus aureus (cfu/g) 3 2 1  102 1  103
4 Esherichia coli (cfu/g) 3 2 1  102 1  103
5 Coliforms (cfu/g) 3 2 1  104 1  105
n is number of sample units comprising the sample.
m is the threshold value for the number of bacteria.
M is maximum value for the number of bacteria.
c is number of sample units where the bacteria count may be be-
tween ‘m’ and ‘M’.
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give the product its individual characteristics. The amount of
starter culture is approximately 0.5%e2.0% of the milk vol-
ume, depending on the type of cheese being produced. At this
stage the cheese milk can also be acidified to influence its
flavor, maturation and texture [4].
The enzyme rennet is then added to the milk (25 ge40 g
rennet per 100 l cheese milk) to form the curd. The next pro-
cess is syneresis (release of whey from the curd). Themajority
of the whey is removed and the remaining soft curds are
passed in to a cotton bag. Curd is distributed using an auto-
matic distributor, before being pre-pressed into a cheese
“cake” and the remainingwhey drained off. The cheese cake is
then cut into bags, for final pressing in cheese moulds before
being transferred for cooling, brining and ripening.
Ewe milk safety or public health (pathogens including
Mycobacterium tuberculosis, Brucella spp., toxic residues, and
contaminants) Directive 92/46 (EU, 1992) specifies that raw
milk must come from healthy animals and should not
endanger human health by way of infectious diseases or
foreign substances that are communicable to human beings
through the milk. The pathogens reported as the most com-
mon agents implicated in milkborne disease include Salmo-
nella spp., Campylobacter spp. and Escherichia coli (E-coli), but
others found in milk could also have public health implica-
tions, such as Mycobacterium tuberculosis and Listeria mono-
cytogenes. These microorganisms may enter the mammary
gland and thus the milk, from the external environment
through the teat orifice during the milking process or during
the interval between milking process [5].
Main factors affecting the quality of milk for cheese
manufacture is quality of ewe. The quality of milk for Tusuri
Guda cheese manufacture is affected by five key parameters,
namely composition, microbiology, SCC, enzymatic activity
and levels of residues/contaminants.
Ewe milk composition in our several studies have shown
seasonal variations in composition of milk. The gross
composition of cheese milk, especially the concentrations of
protein, casein and fat, has a major influence on several as-
pects of cheese manufacture, including rennet coagulability,
gel strength, curd syneresis, cheese composition, yield and
quality.
In high mountains grasslands, the original cheese place
suffered from a lack of space, traditional old technology and
the need for manual lifting of heavy loads during cheese
production; also, it could not be feasibly expanded because of
a lack of available space in the herder's building. Usually, this
process take place in open fields, sometimes with wing
weather. By the point of safety carried out lab analyses show
microbiological data below in Table 1.
Raw ewe milk intended for cheese making should not be
stored for longer than 24 h and always at low temperature, at
least <8 C to avoid psychrotroph bacteria growth. It's not
possible in mountain conditions make tests for: a) antibiotics,
b) mycotoxins, c) pesticides, d) microbiological tests e) total
acidity and pH. Storage time always less than 12 h at natural
temperature (8e12 C, average). Antibiotics should be absent.
In south Caucasian countries and especially in Georgia the
maximum tolerance limit for Aflatox in M1 (AFM1) in milk is
50 ng/kg (in dairy products like cheese, it is 250 ng/kg). Rawsheep's milk intended for the manufacture of heat treated
milk based products must meet the obtained standards.
Compliance with the standard must be checked by random
sampling, either on collection at the production holding or on
acceptance of the raw milk at treatment or processing estab-
lishment [6,7].
Among of microbiological and chemical hazards, to phys-
ical hazard have to pay special attention and filtration avoid
milk from foreign materials. Mechanical filtration through
stainless steel meshwith tangential flow of themilk, or a filter
cloth in smaller plants is used to remove particulate con-
taminants. Daily cleaning and visual inspection of the integ-
rity of the filter is necessary. Tushuri Guda cheese producers
this presses are using at least 3 times.
Pasteurization is the most important step of the
manufacturing process for Tushuri Guda cheese regarding
microbiological safety. Temperature and time control is very
significant, alkaline phosphatase test and occasional micro-
biological test for coliforms. Pasteurized milk for this kind of
cheesemust show a negative (pH) reaction to the phosphatase
test and a positive reaction to the peroxidase test. The
pasteurization vessel should be checked daily before use using
the Swab test, and after cleaning it. Occasional microbiolog-
ical test of the final rinse water for the presence of coliforms.
It's not easy to keep all of above mentioned actions for the
processing of cheese, but requested.
Before processing, frequent microbiological test of the
vessels is needed using the Swab test. If jacketed vessel is
used, then temperature can be adjusted to 32 ± 1 C at this
step. Else the temperature will keep dropping and will reach
the desirable by the next step. Cooling at 37 C requested.
For the Addition of starter culture and calcium chloride
0.5% to milk processors have to have Commercial starter
culture preparation of the rmophile and mesophile lactic acid
bacteria (Lactobacillus bulgaricus, Streptococcus thermophilus,
Lactococcuslactis) 3e3.5% v/v is added to the pasteurised milk
and it is incubated at 32e34 C until the pH drops to 4.7. The
prepared culture must be used within 24 h [8].
During Addition of rennet and NaCl 0.01%/Coagulation for
1 h the coagulation process step in according with Good
Manufacturing Practice (GMP) must be applied, mainly
cleaning and sterilization of the coagulation vessels and
checking that the temperature stays at 32 ± 1 C. Microbial
cross contamination must be controlled as possible (in
mountain indoors). On the next stage, curd is cut and after
10 min the strained curd is transferred into themould. For the
Table 2 e Controlling of CCPs in the processing of Tushuri Guda cheese.
Process Steps Hazards Checking Frequency Critical points
Raw Milk in casserole Biological
Physical
Control Milk
Acidity
Aerobic
Mesophilic
Count
Temperature
According to a program established
for a certain collection areaa
pH 6.3e6.7
max 500,000 cfu/g
<40C
Chemical Antimicrobial
Substances
Absence
Filtration Biological
Physical
Any extraneous
Material
Every day Absence
Pasteurization Biological Temperature Every batch 75 C for 15min
Addition of starter culture Biological Temperature
pH
Every batch 32e34 C
4.8
Maturation 18 C/15days Biological pH
Temperature
Continuously
Continuously
4,3 < pH < 4,7
17e18 C < T < 23 C
Storage 4 C/45days Biological
Chemical
Physical
Temperature Every batch 5 C
a Mixing of different batches of raw milk should be avoided, in order to avoid cross contamination.
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applied, mainly cleaning and sterilisation.
Dry salt is added to the Tushuri Guda cheese. It influences
cheese ripening, controls microbial growth and activity, con-
trols enzymes activity and causes syneres is of the curd and
thus reduction of moisture. In this time physical hazard must
be controlled by visual inspection for foreign materials, like
stones, metals, etc.
For the maturation at 18 C/15 days (CCP) the pH value
plays one of important roles in Tushuri Guda cheese making.
It has a major impact on texture and microorganism control.
Guda should be cooled after pH has reached at least 4,6. Guda
cheese matures for at least two months in two steps. First at
17e 18 C for one day followed by 5e 15 days in 6%NaCl at the
same temperature (final pH ¼ 4,6 e 4,7) and Second, at 4 C in
8% NaCl until the two-month time period is reached. At the
first step, general hygiene and temperature control is essential
since temperature higher than 21 C can be hazardous due to
growth of E. coli which may be present [9].
Packaged in sheepskin bags and maturation in cool places
or in refrigerator 4 C/45 days Critical Control Points (CCPs)
continues at 4 C in 8% NaCl until the two-month time period
is reached, after transportation by horses from mountains to
usual basements in villages of Tusheti. The temperature
should be constantly monitored, as well as combination of
factors such as salt content, pH and the storage temperature
interact to render Tushuri guda cheese microbiologically safe
from pathogenic bacteria which may be present as aresult of
cross contamination (B. melitensis, E. coli, Y. enterocolitica, A.
hydrophila) (see Table 2).
Milking equipment on the farm should be designed and
maintained to minimise frothing, foaming or agitation,
thereby reducing physical damage to the milk fat and the
development of FFA. It is important that all of equipmentmust
be treated by steam, even in pasture conditions. The Quality of
Milk for Cheese depends even fromweather development. The
most effective means of reducing lipolysis due to psychro-
trophic bacteria is firstly by hygienicmilk production to reducebacterial numbers and secondly by minimising milk storage
time between milking and processing.
The processors also has a responsibility in ensuring mini-
mal agitation, cavitation effects and temperature changes in
milk during collection, transportation and Processing. They
have to take in consideration that milk from sheep in late
lactation has a higher FFA level than that from sheep in early
lactation. This may be due to changes in milk and MFGM
integrity at that time or mechanical damage of the MFGM due
to excessive mixing of air into relatively small volumes of
milk, particularly at evening milkings, within a seasonal milk
production system [10e13].
Furthermore, other sources of contaminants to milk
include cleaning and disinfecting agents (trichloromethane
(TCM), iodine) and compounded animal feeds (mycotoxins).
Antibiotics and Antimicrobial drugs are administered to treat
bacterial infections or employed prophylactically to prevent
spread of disease. All antimicrobial drugs administered to
dairy sheep enter themilk to a certain degree, and each drug is
given a certain withdrawal period, during which time the
concentration in the tissues declines and the drug is excreted
by the animal. The most frequently and commonly used an-
timicrobials are antibiotics, employed to combat mastitis-
causing pathogens. Other infectious diseases such as lami-
nitis and respiratory diseases are also treated with antimi-
crobial agents, but are of relatively minor importance. The
occurrence of residues of antimicrobials in milk has both
economical and technological impact on the sheep cheese
industry. Antimicrobial residues can lead to partial or com-
plete inhibition of acid production by starter cultures, inade-
quate ripening and ageing of cheese and cause defects of flavor
and texture of Tushuri Guda cheese or similar cheese [14].Conclusion
Georgian Farmers are producing various hard and semi-hard
Tushuri Guda cheeses, which are matured for periods from
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flavors and characteristics. Flavors such as caraway are also
incorporated into the cheese for certain varieties. Above 6
varieties include similar quality Georgian and Mild family
cheeses. Special flower and color ply significant role for
cheese variety. Nutritional values are as usual about
283 Kcal/100 g, Proteins: 19, 5%, Fat not less than 20%, Shelf
life is more one year. Consumers are General public, ages
between 20 and 70 mainly. Tushuri Guda cheese can
accompany all Caucasus meals, it's also used in cooking for
traditional Georgian delicious food. Basement keeping at
refrigeration 4e5 C in vacuum packed containers or in
films with libeling for export.
Tusheti is one of Northwest region of Georgia with high
mountain seasonal pastures in subalpine conditions. In an
overall context, milk quality and safety systems (ISO, HACCP)
for cheese manufacture may be defined as its suitability for
conversion into cheese and deliver cheese of the desired
quality and yield. The current article examines ewe milk
quality for special variety of Georgian Tushuri Guda cheese
manufacture and the factors affecting it, together with broad-
based strategies for improving quality, safety and consistency
bymore precise definition of food safety block-schemes of this
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